SUMMARY Electromyographic recordings were carried out on 36 patients with neuropathies and neuromuscular disorders with a selectivity permitting identification of single motor unit potentials during maximal voluntary effort and after supramaximal nerve stimulation. The axonal conduction velocity and refractory period of 117 motor units were determined and the findings were compared to those in previously studied normal subjects. The axonal conduction velocity spectrum was 15-52 m/s. Fifteen per cent of all motor units had axonal conduction velocities below 30 m/s which is below the normal range. When test stimulus strength was 10% above the axonal threshold at rest the refractory period was 1 88 + 0 43 ms which is slightly longer than the corresponding value in healthy subjects (1 -67 + 0 25 ms). The relationship between the axonal conduction velocity and refractory period observed in healthy subjects did not hold for these patients. Thirty-eight per cent of all motor units with axonal conduction velocities within the normal range had refractory periods longer than 2-0 ms which was only infrequently observed in healthy subjects. When test stimulus strength was 500% above the axonal threshold at rest the refractory period was 1 16 + 0-42 ms which was significantly longer (p < 0 02) than in healthy subjects (064 + 0-21 ms). At this stimulus strength 40 / of all motor units with axonal conduction velocities within the normal range had refractory periods above 1 0 ms which was never the case in healthy subjects. The significance of these findings with regard to the clinical application of the Hopf technique for determining the conduction velocity spectrum of peripheral motor nerves is discussed.
SUMMARY Electromyographic recordings were carried out on 36 patients with neuropathies and neuromuscular disorders with a selectivity permitting identification of single motor unit potentials during maximal voluntary effort and after supramaximal nerve stimulation. The axonal conduction velocity and refractory period of 117 motor units were determined and the findings were compared to those in previously studied normal subjects. The axonal conduction velocity spectrum was 15-52 m/s. Fifteen per cent of all motor units had axonal conduction velocities below 30 m/s which is below the normal range. When test stimulus strength was 10% above the axonal threshold at rest the refractory period was 1 88 + 0 43 ms which is slightly longer than the corresponding value in healthy subjects (1 -67 + 0 25 ms). The relationship between the axonal conduction velocity and refractory period observed in healthy subjects did not hold for these patients. Thirty-eight per cent of all motor units with axonal conduction velocities within the normal range had refractory periods longer than 2-0 ms which was only infrequently observed in healthy subjects. When test stimulus strength was 500% above the axonal threshold at rest the refractory period was 1 16 + 0-42 ms which was significantly longer (p < 0 02) than in healthy subjects (064 + 0-21 ms). At this stimulus strength 40 / of all motor units with axonal conduction velocities within the normal range had refractory periods above 1 0 ms which was never the case in healthy subjects. The common peroneal nerve was stimulated close to the fibular head. The deep peroneal nerve was stimulated at the ankle. The stimuli were delivered through surface ele-trodes 0 6 cm in diameter. The cathode was placed over the nerve and the position was adjusted so that minimum stimulus strength was required for musclq response. The anode was placed 2-3 cm medial to the cathode. Rectangular Figure 2A shows the axonal refractory period of the 1 17 motor units in the patients in relation to the axonal conduction velocity. No separation of different age groups was made since normally the relation between the axonal refractory period and the conduction velocity is the same in young and old subjects.'1 Figure 2B shows the axonal refractory period of Figure 3A shows the mean values of the axonal conduction velocities and the refractory periods for each of the patients. Figure 3B shows corresponding data for 12 healthy subjects. The mean value of the refractory periods in the patients was 1-88 ± 0 43 ms. After taking into consideration the inverse relationship between the axonal conduction velocity and refractory period and that the mean value of the conduction velocities is higher in healthy subjects, the corresponding mean value of the refractory periods in healthy subjects was 1 67 ± 0 25 ms. Thus, the refractory periods were slightly longer in in the patients. However, this difference was not statistically significant. Axonal refractory period of single short toe extensor motor units
There was no statistically significant correlation between the axonal conduction velocity and the refractory period in the patients, in contrast to the significant correlation between these parameters in healthy subjects (p < 0 01).
AXONAL REFRACTORY PERIOD AT HIGH STIMULUS STRENGTH
In 74 motor units from 27 patients the axonal refractory period was also determined with test stimulus strength 50% above the axonal threshold at rest. One to six motor units in each patient were studied. The axonal refractory periods at high stimulus strength ranged from 0-4 to 2-2 ms. In 51 % of the motor units it was longer than 1-0 ms, which was never the case for healthy subjects. Forty The normal relationship between the axonal conduction velocity and the refractory period did not hold for the patients. There were motor units with axonal conduction velocities within the normal range having refractory periods longer than those normally observed. This might be due to a selective disturbance of nerve fibre properties related to the refractory period without affecting those related to the conduction velocity. However, it might also be due to a localised lesion of the nerve fibre at the test point in such a way that the conduction velocity of the rest of the nerve fibre is not significantly affected. A similar explanation could be put forward for those motor units having abnormally low axonal conduction velocities but normal refractory periods. Regardless of which mechanism underlies the finding that the axonal refractory period and the conduction velocity might be independently abnormal, the findings are significant for the reliability of the Hopf technique commonly used in clinical practice. When a refractory period correction, which would be adequate for normal subjects, is used in a case with abnormally long axonal refractory period, the calculated conduction velocity of the slowly conducting nerve fibres will be falsely low. Thus, what may be measured is the abnormality of the refractory period rather than the abnormality of the conduction velocity.
When the Hopf technique is used in normal subjects, most of the uncertainty in correction for the refractory period is avoided by sufficiently increasing test stimulus strength to be close to the absolute refractory period. This is not the case in pathological states where the refractory period at high stimulus strength might be significantly prolonged. If the refractory period is 1 ms longer than normal, an error of more than 1000 is possible when calculating the conduction velocity of the slow fibres of the peroneal nerve and even more if shorter nerve segments are studied. However, the results obtained by the Hopf technique in clinical practice could be used as an indicator of peripheral motor nerve pathology even though abnormality sometimes is due to abnormal refractory period rather than to abnormal conduction velocity.
In conclusion, (1) abnormality of alpha axons can be detected by studies of their refractory period also when their conduction velocity is normal and (2) abnormality detected with the Hopf technique may be due either to slowing of conduction velocity or to prolonged refractory period.
